Original Article

Received: 22 March 2018
Revised: 18 April 2018
Accepted: 13 May 2018

()

Journal of Korean Society of Dental Hygiene

Rapid upper limb assessment2} 321 S22 S &kR25}
| MAI ZpM[ Y w-Fe| =1t

SERY - R - UBHY
HZONSm B0l 2 IsiCyst 223 @5t} - | HAS B 0| 2 afstrs 2/9IAksta)

Effect of posture correction training in dental
scaling using rapid upper limb assessment and
3D motion analysis

Tae-Lim Yoon" - Ji-Hyun Min'* - Han-Na Kim'
Department of Physical Therapy, College of Health and Medical Science, Cheongju University
'Department of Dental Hygiene, College of Health and Medical Science, Cheongju University

Corresponding Author: Han-Na Kim, Department of Dental Hygiene, College of Health and Medical Science,
Cheongju University, 298 Daesung-ro, Cheong-Ju, Chungcheongbuck-do 28503, Korea, Tel: +82-43-229-8373,
Fax: 82-43-229-8969, E-mail: nahan3219@hanmail.net

*Indicates that the two authors contributed equally to the manuscript.

ABSTRACT

Objectives: The purpose of this study was to investigate the change in the posture of dental hygiene students
and clinical dental hygienists when implementing dental scaling before and after posture correction training
using the rapid upper limb assessment (RULA) method and 3D motion analysis. Methods: Thirty-two healthy
volunteers performed dental scaling to remove artificial calculus on dental manikin. The movement and
angle of the joints were verified by RULA and 3D motion analysis during the procedure. The subjects were
also photographed for 1 minute during the procedure for 10 minutes while the calculus was removed. After the
removal of the calculus, the subject and the instructor checked the video together. Posture correction
training was conducted by the instructor so that the subject could perform the calculus removal operation in
the correct posture. Artificial calculus of the adjacent teeth was then removed for the same period of time, and
the change in posture was reviewed. Results: The total score of the posture change using RULA was 5.72 +
0.58 before training and 4.31 + 0.10 after training, showing a significant decrease after training (»p<0.001),
and upper arm, lower arm, wrist position, neck and waist position showed significant decrease after
training. The three-dimensional motion analysis showed significant differences according to the criteria
measured at all measurement sites except the left shoulder (p<0.05) Conclusions: It was confirmed through
RULA and 3D motion analysis that postural correction training using calculus removal images was
effective, and that correct postural education is essential to preventing musculoskeletal diseases caused by
removal of calculus.
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od(Musculoskeletal disorder)©]2} 5HH, a4 0 &2 HiAlsh= Agke 43507011 o Q]of &=

I, IHEA, &, ool Y Tk A2]2 APEAL AdEEel AP e 9= slEt
51.7%2 7V =940, 22 152 oilo] 558 L7l B9 o7l 62.5% 2 71 =7 Lrebstct
31 R 5HHEZE @I} Osborn {312 | P IAR T =35-9K(Carpal tunnel syndrome)©f| F{FshH
o] 2 Qs YT 4ol 2peo] A 4= Urfar B 1513, o= 2xtol] thet 2= .9 At 4310 &
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) PIAE] TEAA o) o] ol 1ol SlHI XA S-S SHRIH E7t XA AIA
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Al ZHFE ZPAR] S A 9l(Neutral body position)oll gt w-5-2 2|57 A

A =t} Sxte] o] oA ol 2| 2] 9ial 51H X|5= Hieo]| 3 aYs}A| o1 52 o]k
A Eo]| Zzo] Qlofok gt &t B2 FHtE Al9] H5et 2SS o)f A ohal, B2 gfo R
205 o o)A PLE o, o= KO R 7]-&o) X2 gt 4 8S FAIRIT A (Uppper
arm)Z w0 SHA 205 oY Hox|7] Fes okl T2 mat 7R ol & HiE} Haks

AJ5ho] % ‘i*oﬂ 1‘41511 603011*1 10055 HZ] u,% oM AlsshH, &5 BIEA Bl 25 B

oFg um 51.

2l vl ZEAAIREES skl oS ] flshA ARl digt B 17t ool gEom,
&*%ﬂl}ﬂﬂi}@%ﬂz. of| w2 AIAIFSE F7to M I, o7, 5le], ', S5 -FollA AAIA Feprt 2
Ao ZAENL, AAIS S ZALR} QIFEorA] 7t 7ol Ao T&?—WO] EUHAL HArET6]. wEbA
T=AAER] AAHRLE S7shs of 2] ’Hol AR O] gl T80 AE AwAlE Fl AT

14sHe S SEAU7,8], TR =21 - ol 715t Jﬁﬂo}ﬂE 5}2Ac}. Rapid upper limb
assessment (RULA)= F= &9 tistell] 2444 32 At ofi-2 fiof] 7idst Brpiios
A2 23 215 A Aol B d7gof|o] A-8o] ARt Z o g deA ik, vk ZAgt
Tﬁﬂ = AH8sh= Jﬂﬂfﬁﬁ oj H o, &5, 550l He 55 AR wEA Brksk] 9
HAE Hlojd wd o] Soffloly, Il F&
_zrbxkﬂ_,] 7‘&57 HEE A o] 5ly JJ( St 2}A|0] 11 S E = SHEo] )2 AR A4S 7HAsH=HEA]
ofc}. A} 2[10]9] A HAIRF A5 A ZZAA A of w5 = 7] AA] S ZpA| Hslof TRt A
FolA] AP T2 F RULA 7 frofshAl A4-e& HAIstIAL, Noh@}Roh[11]9] &
Foll A AT PIARe] AR F2FS RULARS o]-&so] BAslge A, AAA|A = S&to]
HPALA gt Wl el o, A 2BAA ARS o S8 7150] w8 Harshict,
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A2 TR ), TSIl il el TR AA s B A1) 5L olafelle

Sjck. Teftobalrba) 2| Ao} 2he A ThSIIae A AR o) kS SRR BAEA S S
ol Q7 S5t gkt whebA] o] A7) B e A ehgst sH L A TSIAE o]

Apo g 2 AA 52 2PAo] tiigt 4 18 A XS] 8IS RULAYH 349 SR L
olgsto] ot 117} s}gick

Ay
1. ST

AT 2016¥ 28R E] 27 St ANEIgLOn], S22 2] eiste] 2 9pstat by 2 <)
AP THSPAIAF FolA] el AR X HAE 2 Ho] Qi A, ek 2P sl ol
£ WA TR 2 Lol 184] o oIl AT 19 A] 5] S19ldl RS oz of
ek, oluf, 252 591 A4 8:50] U8 A, Bruyne 3 [15]9] 475 Fwslo] o] o] 255
ELASAS S G

e Aol Al . Aol P e dah e A
A}, 329 ez sigltt. A7V lE T4 tdAell w2 Alsial avs

4
2
o
&, o
S

A7t A 10]04 EargkEAle] a3 971 0.70, a=0.05(-5-2)5<9), power (1- 3)=0.80, matching
A= 7F2] 2 G*power3 2= 21-8510] AFEE Bt 52475 57Foke Ao o) &2 9 LA

ml o
i)
ol

0l-2 ¥lth(1041107-161228-HR-008-04).

2, At

1) AAAA 24
2 A AZE H5lA 2|81 2)(Dental mirror, Osung, Korea), 2|58 ~12f|o| A|F=l(Hu-Friedy
Gracey curettes SG1/2, Hu-Friedy, Swiss), 7458 18| A|52(Hu-Friedy Greacey SG11/12,

13
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SG13/14, Hu-Friedy, Swiss), A& 27| ¥ &(Hu-Friedy SH5/33, Hu-Friedy, Swiss)E *]7-& Bz}
2 Sfoll IS, APdof| A-2b= rhdFlof] 2 A4S AlAD F-E 7] fsiA] Al 424

HUiolE 2 1/35 Zelsto] 22/l sl
ARI19] Al B9l et @ BE Al 7X@t AR 2] AW, stet Q8% Al T2 e A2t
TA] Ao}, A Fofrl= TR & oAt o7 ol E o, oAt o7l 73 oll=
3ot Q5 At 1] AT 510t 0 25 A1 )R] o] AL AMAAE AP & 52 AEAL
St G0 2 ZpAef tiet g Akl tiet w88 Biglt), W8-S e T Al 0. 2% A
A} stof @ B ARtitA] AH o] A AAA 52k thA] AlgskeS shaltt. Adolzt
A9l Zg9olh= gt L8R AlRti-A] Ayt sjet @B AlRti-A] A A Alddst
x| o] o] )4

2 AEAA 54 0 AAEA B4
2 qA|A “§2F2 A58 27| 7](Dental manikin, Nishin, Japan)& ©]-8-61% 0, vhi|71S
AU E Aofof] AE RS o]-§5to] HAIA Akl A of| ] XA A S2kS AlEshe A5
UsHA FHIsFt<Fig. 1>, Ahd|Rlo]] 915 2] A4S FAst7] fisto] X[opR-eiof Mol E 1]
2] T 325l et A w7 w5 Hof| A Hofrh= A4S A|AD Z|oh Fejqkz Sl 1

A ER10] AMAIA A F2 ARSI 2157172 AEekaL, Ba AHA|1 7S S w5 d e ApAlet

Yoz M AP 1EERE ARsIltt A4 AlA Fee 22 eI, Foat 102 58 ]
HAE Algche B9t A7 FEE 7HRRE ol 85t Aofate] AN S4= T deR
ZFato, 29417 o) ZFH V&S L85 AHAA Al BFEA] 2 ApAlel Tt w7 AFd
of thsh th-8-= AlEst AT, A14A|7 ApA|efl thieh w] =S ARt A2k 2 A et 7] 7ol
59 ol gl AP eh} i 1910100k AR w52 2| P(ehatell A #7717 AR B A
HARZ M AAE SREE SAF AATE 7R 0R Wl om[4,5], B Gl A Eet
AAIE delFal sAe] A4, =, o7, e, £, 512 W 5] fxIehaRtel AAM ] 914, <
Ao 018 SR Sl AIE S0 “ofAt o8 2ol WS 2 5to] 9A el A bl
o= o/ ML X opljet Bol Aol SEP A EE Ut S SR A 1 o]
T AFRoe] A2 A2 AT AREFRE AASHES St Z 5] ek Selstint

3) RULA (Rapid upper limb assessment) -4
RULAL: o7, B2, £2, 2 5o] ipa]o] 278 o] A A2 Qg2 12akE Brla]

SIgH 2 AJA19] AIA) 852 B0l She 1) 2 3t w7lel ARSI
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Fig. 1. Posture of dental calculus removal and 3D motion analysis program

2|98t s Jl QA P IAREC] AAAAE 1042 53t Alsche St e 12 w5
594K30 frame/1 sec)oll 713519, RULA £4-& A4}t RULA || AE A= 41

FE AL BF 1E0= W=t IRA= et A &5 zololl, 15 B =, &8,
t2}E ZRIT<Fig. 2>, TLSARE] thet Ha= 27102 oVd 52t 4] AAl= JA| = AL

N 1o

o] Bt 48] o)A vk wf 1790] 27111, G/2alo] i q—rtZkg njbel w0, 2 ke
ol 10 kg mlsto] 1 BHEHo| ALt 2 A1) o] 350] Zbslod], X|siala) Al A AR R S5

Wi

A A7) 2 kg HIREOER H47H0elgIEE %o A1E JBMM =2 el oA
Hol 42 Tslo] 2540 h AL Flojlrt. % BH Aol tetatAe] 21145
02 Urol et 128 48 15T, 3488 Al 24 TS sk 29, 5.68L A%
2] R whE 2S5 219, 7 oAl A9 AW ZAjet Z2449] o] @7

R RS )
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RULA Employee Assessment Worksheet

Complete this worksheet following the step-by-step procedure below. Keep a copy in the employee's personnel folder for future reference.

B.Neck, Trunk&Leg Analysis
St p1 Lou“ﬁppA.anB;,WnstAnalysls SCORES oo Step9:Cocate NéckPositon
R R Table A w ) | 5
Wrist

NNSREE

]| Sl || | Feal o[ <fes 0 <[5 F

2|
Se[=EN s

3 5
Leg )s_|Legs [Legs
rrrrr 1]2 F K] 2[1]2]1]2
T [11312[3]3 ST6]7]7
723234 I IARARY
Table C I [3[3[3[4]2 5[5
12 3 4 5 & 74 TableB| s |s|s|s|elsl7|7(7]7/7]s]s
#REF! T T]2[3 3]4[5 5 5 [7(7|7|7[7|8|8[8|8[B[B[8
2 2|a[a 4|5 s c [6lelslslsl6l6loo]0]a]0
v,,sﬁ‘lﬁ?él‘,,".ﬁkfz“z"@f312‘»,’%%."&211“""“ 3 i : ;415 Step12 Look upPostureScoremTableB
6 =]
7 o
8 o

0 s nfes ol
~~~ o

Step6: AddMuscle Use Score Step13: AddMuscle Use Score

H
IIE +E +E

Slep 15 Flnd Column lnTabIeC

Fioal Neck, Tk & Leg Soore anayss o e cohame o Ghart

Final Score !

# "## ## #
# "## Twr #n ## #
FINAL SCORE: 1 or 2 = Acceptable; 3 or 4 investigate further; 5 or 6 investigate further and change soon; 7 il i and change i

© Profesor lan Hedge, Comell University. Nov. 2000

Fig. 2. Rapid upper limb assessment employee assessment worksheet; original worksheet deve-
loped by Dr. Alan Hedge. Based on [9]

4379 55 242 B9 | 57

MyoMotion (Noraxon Inc, Scottsdale, AZ, USA) 3D 52} B4 A|AHRLS AR85I &, 5, 5]2,
o7l THA 55t HpE BAGILt 24517 Hof] ™A =4 A A](Inertial Measurement
Unit, IMU) A8 B4 173 2w} b4 AEw10 2 dpae] 417 2 32900] (2], ol 51
TY; 95, A4S Wk CT o o, A E fﬂra‘r THEF L1/ T12; [, F=]o] w7l S,
SAIREO] B ool F2botgitt. o) B == ]:—g(samphng rate)<> 200 Hz= A5l
2|t 20 m HefollA St IMU AAE o821t 521 240 A A= +0.4°, 54 =
= £1.2°0]ch AlA|9] ZF F-9jof] F2HH IMUAIA ©] oﬁg Z3tsto] =5 AAAA71H-E o185
o AT Ao1 She P B, 5, 12, o 709] 25587 38 2ok
A2 AA| 54 Aol IMU AllA o] dF o] -3 =] 9l 0™ S 2551 = MR3 AL E Q0]

(Noraxon Inc, Scottsdale, AZ, USA)°J|A| Ad¥s}al 4513t

5) —Eﬁ‘%‘ﬂ
EAEA.2 IBM SPSS Statistics 21.0 (IBM Co., Armonk, NY, USA ) o]-&5}o] tjAAte]

i]‘:ﬂ/‘ﬂ‘]}*]% Al =, B8, 51, o7l W2 o] Bat-& AA[SIAL o]F paired t-testE &0l Bt
wAe AlRBSHSlTE ERt ZF F9joll RULA 4t Jlﬂ:F"JJF W At 5 2JolF BHRSg HAG0
wilcoxon signed rank testE- -85t E45tth = -F-ol452-0.05 2 Aotk
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A= E 323 0 2 n ofdolglom, Wi A8 21,7+ 2.24], Fa A& 161.1+5.9 cm,
B A% 54.7 + 8.9 kg, Bt A&k A4=21.3 + 2.5 kg/m’ & 71735153k

2. RULA & 0| 8¢t A3}

RULAE ©|-85}q ﬂiﬂ%%%AH (L &) B, 512, the]) 2 Fsto] ATt
= <Table 1>} 2k A1A] 221910} AAIE it 2892 WS 4 5.72+0.587, W5
4.31+0.108.02 w8 Ao ]| E%? GoJe AAaE HATH(p<0.001).

ol !

Table 1. Differences RULA scores between pre and post education Unit : Mean+SD
Body part W/O education With education p*
Final scores 5.7240.58 4.31+0.10 <0.001
A: Upper arm position 2.41£0.50 1.97+0.647 0.002
arm Lower arm position 3.000.00 2.81+0.40 0.014
and  yiot position 3.5340.51 3.1640.57 0.011
st Wrist Twist 1.00+£0.00 1.00+0.00 1.000

Look-up posture score in table A 4.53+0.51 3.91+0.78 0.001
Add muscle use score 1.00+0.00 1.00+0.00 1.000
Add force/load score 0.00£0.00 0.00+0.00 1.000
Final wrist and arm score 5.53+0.51 4.91+0.78 0.001
B: Neck position 2.69+0.47 2.13+0.64 0.003
neck,  Trunk position 2.5620.50 1.81+0.47 <0.001
;rr?;ll(eg Legs 1.000.00 1.00+0.00 1.000
Look-up posture score in table A 3.44+0.72 2.31+0.64 <0.001
Add muscle use score 1.00+0.00 1.00+0.00 1.000
Add force/load score 0.00+0.00 0.00+0.00 1.000
Final neck, trunk and legs score 4.44+0.72 3.31+0.64 <0.001

*by Wilcoxon signed rank test

RULA =Rapid upper limb assessment

Final score means 1 or 2= Acceptable; 3 or 4 investigate further; 5 or 6 further and change soon; 7 investigate and change
immediately

= E’JrLﬁ F910] Hap FollA] nls- o] Hlsf W& & F-ofsto] ARt H-9l= 9, ot 1]
£20] QxJo|t}. H RULA 5t W5 A 2.41+0.50014 W2 5 1.97+0.6472 25t 74
2Et1(p=0.002) ofefEe] 4= 1 %j 3.000.000114] WS 5 2.81+0.402 HJA] 25t

A5 HAHp=0.014). £50] QA= W-8 7 3.53+0.51 914 W8 5 3.16+0.57% ThA 7451

THp=0.011). £ ST i 17,02 Algh ¥sb} loick. v S 74at 92 AHg i

F

u}L mlm
3
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Zlof| Tt H4e WS A7} Sof| M7} QiQiet. "tk Eof TS RULA AR 4= 5.53+0.519]
A 4.91+0.78 2 5-2J5F ZHAE HATHp=0.001).

Tt} 519] 1230 ] O] RULA 4 FollA] w5 Aol vlsf w5 & frofshAl A4t F-9= &
7} 5]2] 9] $ix|o]ch £ RULA 4+ W4 3 2.69+0.47011 4 1 F2.13+0.64 2 G2t 7HAE
O (p=0.003), 5121 2] 24| = 15 7 2.5620.5001|14] %? 1.81£0.472 3ol 7tas
Hh(p<0.001). HHEE 5213 73et @& ARG SheAlof Hiet Hte -5 23} Sofl HolrF 191
o}, = 512 22 Al v2]ofl oot RULA Z1A] H9-=4.44+0. 7201]A1 331£0.64% SO AAS

AHp<0.001).

32 EAREA e o 8-ot 0] ZH = <Table 2> 2. Q& oS A 2fet = 57 -9
oA S7gshz 71l wet frolet 2hol S Blsilrt. Had o] ks o] Wt 715 el W
golx|glon, Fo] Fgo] w8 HEL W8 F 13.53%04 19.98 =2 Z715k1(p=0.014), =
715 F -2 30.60%= 014 18.85 %= = ZH4-51ATHp=0.001).

Table 2. Differences of joint angles between pre and post education Unit: Mean=SD
Without With

Body part education education 95%Cl p*
Cervical flexion (+)/extension (-) 13.53+ 9.71  19.98+ 8.35 -11.51~-1.38 0.014
Cervical right (+)/left (-) sidebending 30.60+10.22  18.85+ 8.85 6.79~16.72 0.001
Cervical right (+)/left (-) rotation 0.88+ 6.36  -2.75+ 6.12 0.46~ 6.80 0.026
Thoracic flexion (+)/extension (-) 22.32+10.17  13.76+ 6.88 3.76~13.35 0.001
Thoracic right (+)/left (-) sidebending 23.85+10.13 8.12+ 547  11.20~20.27 0.001
Thoracic right (+)/left (-) rotation =727+ 6.24  -10.11% 6.8 -0.78~ 6.47 0.120
Lumbar flexion (+)/extension (-) 094+ 833  -1.92+ 5.18 -1.07~ 6.78 0.148
Lumbar right (+)/left (-) sidebending 11.03+ 9.18 2.51+ 6.29 4.43~12.60 0.001
Lumbar right (+)/left (-) rotation 540+ 6.40 6.60+ 6.08 -4.44~ 2.04 0.455
Right shoulder flexion (+)/extension (-) 1.83£13.42 441£10.32 -9.68~ 4.52 0.464
Right shoulder abduction (+)/adduction (-) ~ 39.52+16.76  25.00=13.54 6.97~22.07 0.001
Right shoulder external (+)/internal (-) -27.50£13.99 -23.08+13.96 -11.19~ 2.34 0.192
rotation

Left shoulder flexion (+)/extension (-) 15.97+17.15  18.85t14.33 -10.18~ 4.42 0.426
Left shoulder abduction (+)/adduction (-) -3.52+£11.16 498+ 835 -3.79~-6.71 0.575
Left shoulder external (+)/internal (-) -18.26£10.07 -16.55+17.42  -9.08~ 5.65 0.639
rotation

*by paired t-test

5} 5129 ek To] w71 w1, S0 71 wRolA ERIEgl e, Fo wdlol

& ol% 22.32EO1W 13.76 = 2(p=0.001), 7}& o] 23.8594] .12 2 F-olop7 ZhAastact
(p=0.001). 5]2] 9] 71&301_ S Fof 11 03501%1 25122 o5k A5kt p=0.001).

o7 o] Hish= QEZ o7l RIS H, @B o7flo] 'HR &k 39.525k0f|4 25.005%=
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=0.001). LEZ oj7]2] Filo|y 71Z 582 SRIER] ghgtom, 9%
OV/]H hﬂsﬂr gl ¢ Ak
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7129] B Aol ATHEARIS 0 S22 sl thet AT 490 Al 55 H=g AR

£ 53 A} 71905HE 5}9ieh 78], HEAES FF 24K u]go] Asha Helg ol 5
U, Agto|t AL kel Tis) SHALS Frecall bias)7H 42 4 Sl o
A AN AZS SR AIRE P Zlo] o sk uE AR FIck RULAY
AgsH ASVIALE B St AT 10,11, FUS B £7E A
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5He RULARS o8 5to] 4R 2k} A1 218 2] Tok Wik
SARHS Tl A A AR B k] AR Sle) 2
A} Al shie,
3 A7 ATA RULAY] HEHAE 1% o] vl %5 605 A28 BEom, E5) 91,
ofelm, 4:20] 917 123 2, S|t chefe] IxloIA] A0 Z2PAR) A i ol vt
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